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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


Inventors 
Serial No. 
Filed 
For 


WIXFORTH et al. 
To Be Assigned 
Herewith 

SPIRAL ANTENNA 


Examiner : To Be Assigned 

Art Unit : To Be Assigned 

|» 

O - 

p Assistant Commissioner 

for Patents 
J{ Washington, D.C. 2023 1 
Box Patent Application 

PRELIMINARY AMENDMENT AND 
m 37 C.F.R. S 1.125 SUBSTITUTE SPECIFICATION STATEMENT 

fl SIR: 


Please amend the above-identified application before examination, as set forth 


IN THE SPECIFICATION AND ABSTRACT : 

In accordance with 37 C.F.R. § 1.121(b)(3), a Substitute Specification (including 
the Abstract, but without claims) accompanies this response. It is respectfully requested 
that the Substitute Specification (including Abstract) be entered to replace the 
Specification of record. 

IN THE CLAIMS : 

On the first page of the claims, first line, change "What is claimed is:" to: 
- What Is Claimed Is :-. 

Please cancel original claims 1 to 10, without prejudice, and cancel substitute 
claims 1 and 10, without prejudice, in the underlying PCT Application No. 
PCT/DE0O/O1991. 
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Please add the following new claims: 

1 1 . (New) A spiral antenna, comprising: 

four approximately parallel electrically conducting spiral arms; and 

a common coplanar conductor to which respective inner spiral arm ends of each of 

the spiral arms are connected for at least one of supplying and receiving a signal. 

(New) The spiral antenna according to claim 11, wherein: 

the coplanar conductor includes an inner conductor and at least one 
reference potential surface, and 

the inner conductor and the at least one reference potential surface each are 
connected to two of the four inner spiral arm ends. 

(New) The spiral antenna according to claim 1 1, wherein: 

the coplanar conductor is arranged perpendicular to a plane of the spiral 
antenna. 

(New) The spiral antenna according to claim 1 1 , further comprising: 
different carrier materials, wherein: 

the coplanar conductor is mounted on one of the different carrier materials, 

and 

the spiral arms are mounted on another of the different carrier materials. 

1 5 . (New) The spiral antenna according to claim 1 1 , further comprising: 
a carrier material, wherein: 

the coplanar conductor and the spiral arms are applied to the carrier 
material. 

16. (New) The spiral antenna according to claim 11, wherein: 

the coplanar conductor is formed as a taper at least in part. 


n 


u 
p 

ru 
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17. (New) The spiral antenna according to claim 11, wherein: 

the spiral arms are designed in the form of one of an Archimedean spiral 
and a logarithmic spiral. 

1 8. (New) The spiral antenna according to claim 1 1 , wherein: 

the coplanar conductor is supplied with a symmetrical electric field 
distribution to yield an omnidirectional transmission characteristic. 


19. (New) The spiral antenna according to claim 11, wherein: 

y. the coplanar conductor is supplied with an asymmetrical electric field 

*;? distribution to yield a directional transmission characteristic. 

Qi 
M 

20. (New) A motor vehicle, comprising: 
y a body; and 

s a spiral antenna arranged at a location that is one of in and on the body, wherein 

Q 

m the spiral antenna includes: 

four approximately parallel electrically conducting spiral arms, and 


o 

a common coplanar conductor to which respective inner spiral arm ends of 


each of the spiral arms are connected for at least one of supplying and receiving a 
signal. 


Remarks 

This Preliminary Amendment cancels original claims 1-10, without 
prejudice, and also cancels substitute claims 1 and 10, without prejudice, in the underlying 
PCT Application No. PCT/DE00/01991. The Preliminary Amendment also adds new 
claims 1 1-20. The new claims conform the claims to U.S. Patent and Trademark Office 
rules and do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.121(b)(3), the Substitute Specification 
(including the Abstract, but without the claims) contains no new matter. The amendments 
reflected in the Substitute Specification (including Abstract) are to conform the 
Specification and Abstract to U.S. Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. § 1.121(b)(3)(iii) and § 1.125(b)(2), a Marked Up 
Version Of The Substitute Specification comparing the Specification of record and the 
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Substitute Specification also accompanies this Preliminary Amendment. Approval and 
entry of the Substitute Specification (including Abstract) are respectfully requested. 

The underlying PCT Application No. PCT/DE00/01991 includes an 
International Search Report, dated October 24, 2000, and an International Preliminary 
Examination Report, dated June 19, 2001, copies of which are submitted herewith. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application are 
respectfully requested. 

Respectfully Submitted, 


KENYON & KENYON 

By: 

Richard L. Mayer 
(Reg. No. 22,490) 

One Broadway 

New York, NY 10004 

(212)425-7200 
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SPIRAL ANTENNA 

Field Of The Invention 

The present invention relates to a spiral antenna. 

5H-- Background Information 

S3 

O 

T Four-arm spiral antennas are described in the book Four-Arm Spiral Antennas by R. G. 

S3 Corzine, J. A. Moskos, Artech House, 1990. 

10%, Summary Of The Invention 

O The spiral antenna according to the present invention has the advantage over the related art 
SI that the spiral arms are connected on their respective inner spiral arm ends to a coplanar 

conductor for supplying and/or receiving signals. By using the coplanar conductor, it is 
1 5 possible to eliminate power supply networks for adjusting the phase angles at the incoming 

feed points of the spiral antenna or for making the electric field to be supplied symmetrical or 

asymmetrical, and thus to reduce costs. 

Another advantage is that, due to the use of the coplanar conductor, the spiral antenna can be 
20 operated in a first mode to generate an omnidirectional transmission characteristic and also in 
a second mode to generate a directional transmission characteristic normal to the plane of the 
spiral. In this way, the spiral antenna can be used as a combination antenna for various 
wireless services. 

25 It is especially advantageous that the coplanar conductor and the spiral antenna can be applied 
to different carrier materials. The transition from the coplanar conductor to the spiral antenna 
does not depend on any sudden change in the dielectric constant. Thus a carrier material 
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having a low permittivity can be used for the spiral antenna, thus achieving a good 
transmission. At the same time, a carrier material having a high permittivity can be selected 
for the coplanar conductor, thus permitting a reduction in the length of the coplanar conductor 
while suppressing parasitic radiation from the coplanar conductor, so that the coplanar 
conductor can be made independent of the radiation field of the spiral antenna. 

Another advantage is that the coplanar conductor is designed with a taper at least in part. In 
this way, no additional network is necessary for adapting the impedance of the coplanar 
conductor to the input impedance of the spiral antenna. 

Brief Description Of The Drawings 

Figure 1 shows a three-dimensional view of a spiral antenna having a coplanar conductor. 
Figure 2 shows a top view of a tapered coplanar conductor. 

Figure 3 shows a top view of a spiral antenna having current vectors for an omnidirectional 
transmission mode. 

Figure 4 shows a spiral antenna having current vectors for a directional transmission. 
Figure 5 shows a three-way gate having a symmetrical electric field distribution. 
Figure 6 shows a three-way gate having an asymmetrical electric field distribution. 
Detailed Description 

Figure 1 shows a spiral antenna 1 having a first spiral arm 1 1, a second spiral arm 12, a third 
spiral arm 13 and a fourth spiral arm 14. At the center of the spiral antenna, first spiral arm 1 1 
has a first inner spiral arm end 5, second spiral arm 12 has a second inner spiral arm end 6, 
third spiral arm 13 has a third inner spiral arm end 7, and fourth spiral arm 14 has a fourth 
inner spiral arm end 8. Third inner spiral arm end 7 is not shown in Figure 1 because of the 
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perspective view, but it is shown in the top view in Figures 3 and 4. Four spiral arms 11, 12, 
13, 14 are guided approximately in parallel. In addition, Figure 1 also shows a coplanar 
conductor 2 having a first inner conductor 21, a first reference potential surface 22 and a 
second reference potential surface 23. Four spiral arms 11,12, 13, 14 are made of an 
electrically conducting material and are applied to a first carrier material 45. Spiral arms 1 1, 
12, 13, 14 may be made of a metal, for example. First inner conductor 21, first reference 
potential surface 22 and second reference potential surface 23 are also made of an electrically 
conducting material and are applied to a second carrier material 50. First carrier material 45 
and second carrier material 50 may be the same carrier material. However, first carrier 
material 45 may also be different from second carrier material 50. First inner spiral arm end 5 
is connected electrically to third inner spiral arm end 7 over an electrically conducting first 
bridge 40, which is applied to first carrier material 45, for example. First inner spiral arm end 
5 and third inner spiral arm end 7 according to Figures 3 and 4 are opposite one another. 
Second inner spiral arm end 6 and fourth inner spiral arm end 8 are also opposite one another 
according to Figures 3 and 4, but without being connected to one another by an electrically 
conducting bridge. Spiral arms 11, 12, 13, 14 are supplied with signals emitted from spiral 
antenna 1 over corresponding inner spiral arm ends 5, 6, 7, 8 and coplanar conductor 2. 
According to Figure 1, coplanar conductor 2 is perpendicular to the plane of spiral antenna 1 
and is guided in the middle of spiral antenna 1. First inner conductor 21 is connected 
electrically to first bridge 40. First reference potential surface 22 is electrically connected to 
second inner spiral arm end 6. Second reference potential surface 23 is electrically connected 
to fourth inner spiral arm end 8. Coplanar conductor 2 supplies spiral antenna 1 with signals 
emitted by spiral antenna 1 and may also be used additionally or alternatively for receipt of 
signals by spiral antenna 1 . 

Spiral antenna 1 is called self-complementary if its spiral arms 11,12, 13, 14 in a 45° rotation 
are completely imaged on the areas forming the clearances between spiral arms 1 1, 12, 13 and 
14 before rotation. Accordingly, in such a rotation, the clearance before rotation is imaged 
completely on the areas formed by spiral arms 1 1, 12, 13, 14 before the rotation. The axis of 
rotation in both cases passes through the center of spiral antenna 1 perpendicular to the plane 
of spiral antenna 1 and is referred to below as the center axis. 


NY01 436042 v 1 


3 SUBSTITUTE SPECIFICATION 


If the width of spiral arms 1 1, 12, 13, 14 is selected so that the spiral is self-complementary, 
this yields an input impedance of 94 Q. at inner spiral arm ends 5, 6, 7, 8. The input 
impedance increases with thinner spiral arms and decreases with wider spiral arms, each in 
relation to the width of the clearance between spiral arms 1 1, 12, 13, 14. Adapting this 
5 impedance to the impedance of 50 Q, which is required traditionally, necessitates 

transformation of the impedance, which can be accomplished by tapering of coplanar 
conductor 2, for example. In Figure 2, coplanar conductor 2 is shown again alone, with the 
same reference numbers identifying the same elements as in Figure 1. According to Figures 1 
and 2, first inner conductor 21, first reference potential surface 22 and second reference 

1 potential surface 23 become wider in the direction of a power supply network and/or 

Pi 

g receiving network (not shown in Figures 1 and 2) on the side of coplanar conductor 2 facing 

H away from spiral antenna 1 , starting from the terminals on spiral antenna 1 . The increase in 

m width is linear according to Figures 1 and 2, thus resulting in a linear tapering of coplanar 

jij conductor 2. However, nonlinear tapering of the coplanar conductor may also be provided, 

1 5 L. e -S-> exponential tapering. The length over which coplanar conductor 2 is tapered must 

|J1 amount to at least one fourth of the wavelength of the average operating frequency of spiral 

jp antenna 1. Depending on the width of spiral arms 11, 12, 13, 14 and on the input impedance 


1 


which thus results on inner spiral arm ends 5, 6, 7 and 8, this input impedance can be adapted 
to the required 50 Q through appropriate tapering of coplanar conductor 2, so that coplanar 
conductor 2 can be adapted flexibly to the geometry of spiral antenna 1 through this tapering. 

Spiral antenna 1 can easily be supplied with power for transmission of signals over coplanar 
conductor 2, and two different transmission characteristics can be produced. First, it is an 
omnidirectional transmission characteristic having a zero position perpendicular to the plane 
of spiral antenna 1. The omnidirectional transmission characteristic is especially 
advantageous for mobile use with terrestrial wireless services. Second, this is a transmission 
characteristic having a main beam direction perpendicular to the plane of spiral antenna 1, 
which is especially suitable for use with satellite-supported navigation and communication 
services using circular polarization. Thus, with spiral antenna 1 it is possible to implement a 
first mode or an omnidirectional mode having an omnidirectional transmission characteristic 
and a second mode or a zenith mode having a transmission characteristic with a main beam 
direction perpendicular to the plane of spiral antenna 1, referred to below as zenith radiation. 
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To illustrate the production of the various modes or transmission characteristics, Figures 3 
and 4 illustrate the same spiral antenna 1, with the same reference numbers characterizing the 
same elements. The single arrows in Figures 3 and 4 indicate current vectors on spiral arms 
11, 12, 13, 14 as a snapshot. Figure 3 shows the current distribution for the omnidirectional 
mode, and Figure 4 shows the current distribution for the zenith mode. 

In the omnidirectional mode according to Figure 3, first spiral arm 1 1 and third spiral arm 13 
are supplied with power in phase. Second spiral arm 12 and fourth spiral arm 14 are also 
supplied with power in phase but phase-shifted by 1 80° with respect to first spiral arm 1 1 and 
third spiral arm 13. This is indicated by the direction of the current vectors on inner spiral 
arm ends 5, 6, 7, 8, i.e., at the input points according to the one-shot display of the current 
distribution shown in Figure 3. According to Figure 3, the current vectors of adjacent spiral 
arms are in phase opposition on their inner spiral arm ends, i.e., they are phase-shifted by 
1 80°. With the help of this current distribution at the input points and geometric 
considerations, a transmission region of spiral antenna 1 can be determined. Spiral antenna 1 
emits at the points where currents in adjacent spiral arms are in phase. Because of the 
different path lengths of the spiral arms from a first fixed angle cp 0 to a second fixed angle <p„ 
the phase difference between the waves running in adjacent spiral arms changes. Both fixed 
angles (p 0 and <p, are defined in a cylindrical coordinate system whose central axis runs 
perpendicularly through the center of spiral antenna 1. The phase difference of 180° between 
adjacent spiral arms at the input points or at the inner spiral arm ends at the center of the 
spiral antenna is reduced to 0° at a first radius 

Adjacent spiral arms can be in phase with a path difference of one wavelength X or a multiple 
of wavelength X between points that are arranged symmetrically with the center axis of spiral 
antenna 1 and are opposite one another on the spiral arms, because currents at such 
symmetrically opposed points are directed in opposite directions in space regardless of their 
distance from the center of spiral antenna 1. This path difference corresponds to the distance 
on the adjacent spiral arms to be covered between the opposite points. On these opposite 
points on the spiral arms, the currents are directed in opposite directions in space, as shown in 
Figure 3. In the case of the transmission region of spiral antenna 1 closest to the center of 
spiral antenna 1 under this condition, said path difference corresponds to wavelength X. 
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Transmission thus occurs at the point where the circumference of the spiral arms amounts to 
21, where 1 is the wavelength of the wave on the spiral arms. Since first radius r, cannot be 
larger than radius r of spiral antenna 1, a boundary condition is defined by 

5 21 = 27ET, = 2wc. 

This yields a first lower cutoff frequency f minl of spiral antenna 1 in the omnidirectional mode 
as follows: 

10^ f min] = c/(7tr), 

I 

M where c is the rate of propagation of the wave on spiral antenna 1 . Spiral antenna 1 emits in 

gj the omnidirectional mode only above a first lower cutoff frequency f minl . Because of the fact 

Jj| that currents at points in symmetrical opposition are directed in opposite directions in space, 

1 5 ' the radiation contributions of these currents cancel one another out perpendicularly to the 

Iff plane of spiral antenna 1 and are superimposed constructively in directions parallel to the 

P plane of spiral antenna 1. The omnidirectional radiation mode is achieved in this way. 

i 

ru 

Figure 3 shows half the path difference required for transmission represented by a double 
20 arrow, half the path difference corresponding to half wavelength 1/2, with the phase angle 
being inverted when this distance is traveled on adjacent spiral arms, as illustrated by the 
inversion of current vectors in Figure 3. 

In the zenith mode according to Figure 4, second spiral arm 12 and fourth spiral arm 14 are 
25 supplied with a 180° phase difference, while first spiral arm 1 1 and third spiral arm 13, 

connected by first bridge 40 to first inner conductor 21 of coplanar conductor 2, are at a fixed 
zero potential in the middle between the potentials on second spiral arm 12 and fourth spiral 
arm 14. This yields a current distribution which is indicated by the single arrows according to 
Figure 4 only on second spiral arm 12 and fourth spiral arm 14, while no current flows on 
30 first spiral arm 1 1 and third spiral arm 13, where coupling currents from adjacent current- 
carrying spiral arms are not to be taken into account. Likewise, with the help of the current 
distribution at the feed points represented by second inner spiral arm end 6 and fourth inner 
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spiral arm end 8 and geometric considerations as in the case of the omnidirectional mode, the 
transmission region can be determined in the case of the zenith mode. Transmission also 
occurs in zenith mode at the location where currents in adjacent spiral arms are in phase even 
if they are separated by another currentless spiral arm. The currents in adjacent spiral arms 
5 12, 14 separated only by first spiral arm 1 1 or third spiral arm 13 are then in phase when the 
path difference on second spiral arm 12 or on fourth spiral arm 14 between points in 
symmetrical opposition amounts to 1/2 or an odd multiple thereof. Since the currents at 
opposite feed points, i.e., at second inner spiral arm end 6 and fourth inner spiral arm end 8 
point in the same direction in space, the currents at all symmetrically opposite points on 
10 L; second spiral arm 12 and fourth spiral arm 14 point in the same direction in space under this 

CJ condition for the path difference, so the phase difference on second spiral arm 12 or on fourth 

O 

spiral arm 14 amounts to 180° between these two symmetrically opposite points. Thus, 

ya . . 

m transmission occurs at a second radius r 2 at which the circumference of second spiral arm 12 

W or fourth spiral arm 14 is equal to wavelength 1. The boundary condition here is also given by 

1 5 s the fact that second radius r 2 cannot be greater than radius r of spiral antenna 1 . Thus, a 

o 

yjj second lower cutoff frequency f min2 is derived by 

o 

0 1 = 2nr 2 - 2%r 

U 

20 and defined by 
f min2 = c/(27ir). 

Due to the fact that currents at symmetrically opposite points on second spiral arm 12 or 
25 fourth spiral arm 14 are pointing in the same direction in space, the radiation contributions of 
the currents perpendicular to the plane of spiral antenna 1 are superimposed constructively. 
This yields a transmission characteristic having its maximum perpendicular to the plane of 
spiral antenna 1, which is known as zenith radiation. 

30 According to Figures 3 and 4, a spiral antenna in the form of an Archimedean spiral has been 
described. The form of spiral antenna 1 is not limited to purely Archimedean spirals, 
however. The spiral structure may also be logarithmic periodic. 
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The possibility of generating the two modes with coplanar conductor 2 to supply spiral 
antenna 1 is explained below on the basis of Figures 5 and 6. Figure 5 shows a three-way gate 
55 having a first gate 60, a second gate 65 and a third gate 70. Three-way gate 55 includes a 
third carrier material 75 which may be the same as or different from first carrier material 45 
5 or second carrier material 50. A second inner conductor 30 is arranged on this third carrier 
material 75, and a third inner conductor 31 is also arranged perpendicular to it, second inner 
conductor 30 and third inner conductor 31 being galvanically separated and thus not in 
electric contact with one another. Three-way gate 55 also includes a third reference potential 
surface 35 and a fourth reference potential surface 36. Second inner conductor 30, third inner 
10, conductor 31, third reference potential surface 35 and fourth reference potential surface 36 are 

O electrically conducting, e.g., made of metal. Second inner conductor 30 and third inner 

P 

^ conductor 3 1 are electrically insulated from third reference potential surface 35 and fourth 

| : reference potential surface 36 by third carrier material 75 in the form of a slot surrounding 

W respective inner conductor 30, 3 1 . Second inner conductor 30 divides three-way gate 55 into a 

1= 

15 s left half and a right half. In the left half, third inner conductor 3 1 runs perpendicular to second 

Q 

■jjj inner conductor 30. Third reference potential surface 35 is located exclusively in the left half 

^ ° f three_Way gatG 55 " Fourth reference potential surface 36 is located exclusively in the right 

Q half of three-way gate 55. First gate 60 of three-way gate 55 is connected to the end of 

{U 

coplanar conductor 2 facing away from spiral antenna 1, second inner conductor 30 being 
20 connected to first inner conductor 2 1 . Third reference potential surface 3 5 is connected to 

second reference potential surface 23 on first gate 60. Fourth reference potential surface 36 is 
connected to first reference potential surface 22 on first gate 60. At the end of second inner 
conductor 30 opposite first gate 60, three-way gate 55 includes second gate 65 which is also 
formed from first inner conductor 30, third reference potential surface 35, and fourth 
25 reference potential surface 36 and is used to supply signals for the omnidirectional mode. 

Third gate 70 is formed by third inner conductor 31 and third reference potential surface 35 
and is used to supply signals for transmission in the zenith mode. Third reference potential 
surface 35 and fourth reference potential surface 36 are electrically connected to one another 
by a second electrically conducting bridge 32, e.g., a metallic bridge. Third inner conductor 
30 3 1 is electrically connected to fourth reference potential surface 36 by a third electrically 

conducting bridge 33, e.g., a metallic bridge. Second bridge 32 is located at a distance from 
third bridge 33 in the direction of second gate 65. 
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Production of the omnidirectional transmission characteristic is achieved by the fact that the 
electric field distribution on signal supplying coplanar conductor 2 is symmetrical. This 
corresponds to the "odd mode." This symmetrical electric field distribution is represented in a 
snapshot according to Figure 5 by arrows in the slots formed by third carrier material 75 
between third reference potential surface 35 or fourth reference potential surface 36 and 
second inner conductor 30. Second bridge 32, which keeps third reference potential surface 
35 and fourth reference potential surface 36 at the same potential on both sides of second 
inner conductor 30 does not have an interfering effect because in the "odd mode," third 
reference potential 35 and fourth reference potential surface 36 are at the same potential from 
the beginning. Thus, third bridge 33, which connects fourth reference potential surface 36 to 
third inner conductor 31, also does not cause interference because it also applies the potential 
of fourth reference potential surface 36 to third inner conductor 31. Third inner conductor 31 
is thus isolated from second inner conductor 30. 

Zenith mode is created on spiral antenna 1 by an asymmetrical electric field distribution on 
supplying coplanar conductor 2 and second inner conductor 30. Figure 6 diagrams this field 
distribution, which is known as the "even mode," with corresponding arrows in the slots 
formed by third carrier material 75 between third reference potential surface 35 or fourth 
reference potential surface 36 and second inner conductor 30. In Figure 6, the same reference 
numbers denote the same elements as in Figure 5, because it is the same three-way gate 55. 
The asymmetrical electric field distribution can be produced by the arrangement of second 
inner conductor 30, third inner conductor 31, second bridge 32 and third bridge 33 on three- 
way gate 55 as described here. The "odd mode" is produced on third gate 70, resulting in a 
symmetrical electric field distribution between third inner conductor 31 and third reference 
potential surface 35, as represented by the arrows in the slots formed by third carrier material 
75 between third reference potential surface 35 and third inner conductor 31 according to 
Figure 6. Coupling of the "odd mode," which is simple to generate, from third gate 70 to first 
gate 60 is described in "Uniplanar MMIC - A Proposed New MMIC Structure" by Thirota, Y. 
Tarusawa, H. Agawa, IEEE Transactions on Microwave Theory and Technics, vol. 35, no. 6, 
pp. 576-581, June 1987. The "odd mode" produced on third gate 70 produces a potential 
difference between third inner conductor 31 and third reference potential surface 35. Fourth 
reference potential surface 36 is at the same potential as third inner conductor 31 due to third 
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bridge 33. This results in a potential difference between third reference potential surface 35 
and fourth reference potential surface 36. This potential difference produces an even mode 
which propagates in both directions between first gate 60 and second gate 65. To suppress 
propagation of the even mode in the direction of second gate 65 and thus in the direction of 
5 the feed for the omnidirectional mode, second bridge 32 is provided, keeping third reference 
potential surface 35 and fourth reference potential surface 36 at the same potential and thus 
suppressing the propagation of the even mode. The latter is reflected on second bridge 32 and 
propagates in the direction opposite from first gate 60. When second bridge 32 is mounted at 
a distance of a quarter wavelength from third bridge 33 based on the average operating 
lOj^ frequency used, the even mode reflected on second bridge 32 and the even mode input by 
J:f third gate 70 directly in the direction of first gate 60 are constructively superimposed, 
►* propagating as even mode in the direction of first gate 60 and thus toward spiral antenna 1 . 

y3 ■ 

S3 

>• In this way, third gate 70 is uncoupled from second gate 65. Since the functioning described 

15* , here is valid for sending as well as receiving with spiral antenna 1, two signals that are 

y1 isolated from one another can be received at second gate 65 and at third gate 70, striking 

f =l spiral antenna 1 from different directions in space. 

m 

The omnidirectional mode is created with the combined feed described here regardless of 
20 frequency, while production of the zenith mode is limited to certain frequency bands, 

depending on the position of second bridge 32. At the same time, the omnidirectional mode 
and the zenith mode can be supplied through three-way gate 55. Simultaneous reception in 
omnidirectional mode and in zenith mode is possible with three-way gate 55 described here. 
Simultaneously sending in one mode and receiving in the other mode are also possible with 
25 three-way gate 55 described here. 

The lower cutoff frequency for transmission by spiral antenna 1 in the omnidirectional mode 
or in zenith mode is also influenced by the length of the taper on coplanar conductor 2. The 
lower cutoff frequency can be reduced if the taper on coplanar conductor 2 is lengthened. 

30 

The transition from coplanar conductor 2 to spiral antenna 1 is independent of the sudden 
change in the dielectric constants of the carrier materials. A first carrier material 45 having a 
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low permittivity can be selected for spiral antenna 1 , thus achieving good transmission, while 
at the same time selecting a second carrier material 50 having a high permittivity for coplanar 
conductor 2, which allows the length of coplanar conductor 2 to be reduced and suppresses 
parasitic transmission from coplanar conductor 2 and makes coplanar conductor 2 
5 independent of the radiation field of spiral antenna 1 . 


Spiral antenna 1 is suitable in particular for flat installation in the body of a motor vehicle, in 
particular in the roof or trunk lid of the motor vehicle, because this permits an aerodynamic 
and aesthetic installation. This also yields a simple assembly of the spiral antenna in the body 
10 of the motor vehicle without requiring holes, thus also preventing corrosion spots in the 

Q vehicle body. 

£3 
U 

5 
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Abstract Of The Disclosure 


A spiral antenna which can be supplied in different modes with different transmission 
characteristics is described. The spiral antenna includes four approximately parallel, 
5 electrically conducting spiral arms. The spiral arms are each connected to a coplanar 
conductor at their inner spiral arm ends for supplying and/or receiving signals. 


I 


NY01 436042 v 1 


12 SUBSTITUTE SPECIFICATION 


10/01™** 

j&ssBs^sSPcrypro 5 1 dec 2001 

[10191/2135] 


SPIRAL ANTENNA 

Background Information 

The present invention relates to a spiral antenna according to the definition of the species of 
the main claim. 

P Four-arm spiral antennas are already known from the book Four-Arm Spiral Antennas by R. 
\a G. Corzine, J. A. Moskos, Artech House, 1990. 

fi 

^ Advantages of the Invention 
10= 

m The spiral antenna according to the present invention having the features of the main claim, 
^ has the advantage over the related art that the spiral arms are connected on their respective 
O inner spiral arm ends to a coplanar conductor for supplying and/or receiving signals. By using 

ru 

the coplanar conductor, it is possible to eliminate power supply networks for adjusting the 
1 5 phase angles at the incoming feed points of the spiral antenna or for making the electric field 
to be supplied symmetrical or asymmetrical, and thus to reduce costs. 

Another advantage is that, due to the use of the coplanar conductor, the spiral antenna can be 
operated in a first mode to generate an omnidirectional transmission characteristic and also in 
20 a second mode to generate a directional transmission characteristic normal to the plane of the 
spiral. In this way, the spiral antenna can be used as a combination antenna for various 
wireless services. 

Advantageous refinements of and improvements on the spiral antenna characterized in the 
25 main claim are possible through the measures characterized in the subordinate claims. 

It is especially advantageous that the coplanar conductor and the spiral antenna can be applied 
to different carrier materials. The transition from the coplanar conductor to the spiral antenna 
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does not depend on any sudden change in the dielectric constant. Thus a carrier material 
having a low permittivity can be used for the spiral antenna, thus achieving a good 
transmission. At the same time, a carrier material having a high permittivity can be selected 
for the coplanar conductor, thus permitting a reduction in the length of the coplanar conductor 
5 while suppressing parasitic radiation from the coplanar conductor, so that the coplanar 
conductor can be made independent of the radiation field of the spiral antenna. 

Another advantage is that the coplanar conductor is designed with a taper at least in part. In 
this way, no additional network is necessary for adapting the impedance of the coplanar 
lOyt conductor to the input impedance of the spiral antenna. 

P 
tt 

^ k Drawing 

§ 
m 

V An embodiment of the present invention is illustrated in the drawing and is explained in 
greater detail in the following description. Figure 1 shows a three-dimensional view of a 
Iff spiral antenna having a coplanar conductor; Figure 2 shows a top view of a tapered coplanar 
f j conductor; Figure 3 shows a top view of a spiral antenna having current vectors for an 
*j omnidirectional transmission mode; Figure 4 shows a spiral antenna having current vectors 
for a directional transmission; Figure 5 shows a three-way gate having a symmetrical electric 
20 field distribution, and Figure 6 shows a three-way gate having an asymmetrical electric field 
distribution. 

Description of Exemplary Embodiment 

25 Figure 1 shows a spiral antenna 1 having a first spiral arm 1 1, a second spiral arm 12, a third 
spiral arm 13 and a fourth spiral arm 14. At the center of the spiral antenna, first spiral arm 1 1 
has a first inner spiral arm end 5, second spiral arm 12 has a second inner spiral arm end 6, 
third spiral arm 13 has a third inner spiral arm end 7, and fourth spiral arm 14 has a fourth 
inner spiral arm end 8. Third inner spiral arm end 7 is not shown in Figure 1 because of the 

30 perspective view, but it is shown in the top view in Figures 3 and 4. Four spiral arms 11,12, 
13, 14 are guided approximately in parallel. In addition, Figure 1 also shows a coplanar 
conductor 2 having a first inner conductor 21, a first reference potential surface 22 and a 
second reference potential surface 23. Four spiral arms 11, 12, 13, 14 are made of an 
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electrically conducting material and are applied to a first carrier material 45. Spiral arms 11, 
12,13,14 may be made of a metal, for example. First inner conductor 21, first reference 
potential surface 22 and second reference potential surface 23 are also made of an electrically 
conducting material and are applied to a second carrier material 50. First carrier material 45 
5 and second carrier material 50 may be the same carrier material. However, first carrier 

material 45 may also be different from second carrier material 50. First inner spiral arm end 5 
is connected electrically to third inner spiral arm end 7 over an electrically conducting first 
bridge 40, which is applied to first carrier material 45, for example. First inner spiral arm end 
5 and third inner spiral arm end 7 according to Figures 3 and 4 are opposite one another. 
10^ Second inner spiral arm end 6 and fourth inner spiral arm end 8 are also opposite one another 
g according to Figures 3 and 4, but without being connected to one another by an electrically 
H; conducting bridge. Spiral arms 1 1 , 12, 13, 14 are supplied with signals emitted from spiral 
03 antenna 1 over corresponding inner spiral arm ends 5, 6, 7, 8 and coplanar conductor 2. 

According to Figure 1 , coplanar conductor 2 is perpendicular to the plane of spiral antenna 1 
15* and is guided in the middle of spiral antenna 1 . First inner conductor 21 is connected 

U 1 electrically to first bridge 40. First reference potential surface 22 is electrically connected to 
O second inner spiral arm end 6. Second reference potential surface 23 is electrically connected 
to fourth inner spiral arm end 8. Coplanar conductor 2 supplies spiral antenna 1 with signals 
emitted by spiral antenna 1 and may also be used additionally or alternatively for receipt of 
20 signals by spiral antenna 1 . 

Spiral antenna 1 is called self-complementary if its spiral arms 1 1, 12, 13, 14 in a 45° rotation 
are completely imaged on the areas forming the clearances between spiral arms 1 1, 12, 13 and 
14 before rotation. Accordingly, in such a rotation, the clearance before rotation is imaged 
25 completely on the areas formed by spiral arms 11,12, 13, 14 before the rotation. The axis of 
rotation in both cases passes through the center of spiral antenna 1 perpendicular to the plane 
of spiral antenna 1 and is referred to below as the center axis. 

If the width of spiral arms 11,12, 13, 14 is selected so that the spiral is self-complementary, 
30 this yields an input impedance of 94 Q at inner spiral arm ends 5, 6, 7, 8. The input 

impedance increases with thinner spiral arms and decreases with wider spiral arms, each in 
relation to the width of the clearance between spiral arms 1 1, 12, 13, 14. Adapting this 
impedance to the impedance of 50 Q, which is required traditionally, necessitates 
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transformation of the impedance, which can be accomplished by tapering of coplanar 
conductor 2, for example. In Figure 2, coplanar conductor 2 is shown again alone, with the 
same reference numbers identifying the same elements as in Figure 1. According to Figures 1 
and 2, first inner conductor 21, first reference potential surface 22 and second reference 
5 potential surface 23 become wider in the direction of a power supply network and/or 

receiving network (not shown in Figures 1 and 2) on the side of coplanar conductor 2 facing 
away from spiral antenna 1, starting from the terminals on spiral antenna 1. The increase in 
width is linear according to Figures 1 and 2, thus resulting in a linear tapering of coplanar 
conductor 2. However, nonlinear tapering of the coplanar conductor may also be provided, 

lOy, e.g., exponential tapering. The length over which coplanar conductor 2 is tapered must 

fl 

amount to at least one fourth of the wavelength of the average operating frequency of spiral 
H antenna 1 . Depending on the width of spiral arms 1 1 , 1 2, 1 3, 1 4 and on the input impedance 
§3 which thus results on inner spiral arm ends 5, 6, 7 and 8, this input impedance can be adapted 
|p to the required 50 Q. through appropriate tapering of coplanar conductor 2, so that coplanar 
1 5 conductor 2 can be adapted flexibly to the geometry of spiral antenna 1 through this tapering. 
|l 

O Spiral antenna 1 can easily be supplied with power for transmission of signals over coplanar 
Sj conductor 2, and two different transmission characteristics can be produced. First, it is an 
omnidirectional transmission characteristic having a zero position perpendicular to the plane 
20 of spiral antenna 1. The omnidirectional transmission characteristic is especially 

advantageous for mobile use with terrestrial wireless services. Second, this is a transmission 
characteristic having a main beam direction perpendicular to the plane of spiral antenna 1, 
which is especially suitable for use with satellite-supported navigation and communication 
services using circular polarization. Thus, with spiral antenna 1 it is possible to implement a 
25 first mode or an omnidirectional mode having an omnidirectional transmission characteristic 
and a second mode or a zenith mode having a transmission characteristic with a main beam 
direction perpendicular to the plane of spiral antenna 1, referred to below as zenith radiation. 

To illustrate the production of the various modes or transmission characteristics, Figures 3 
30 and 4 illustrate the same spiral antenna 1, with the same reference numbers characterizing the 
same elements. The single arrows in Figures 3 and 4 indicate current vectors on spiral arms 
1 1, 12, 13, 14 as a snapshot. Figure 3 shows the current distribution for the omnidirectional 
mode, and Figure 4 shows the current distribution for the zenith mode. 
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In the omnidirectional mode according to Figure 3, first spiral arm 1 1 and third spiral arm 13 
are supplied with power in phase. Second spiral arm 12 and fourth spiral arm 14 are also 
supplied with power in phase but phase-shifted by 180° with respect to first spiral arm 1 1 and 
third spiral arm 13. This is indicated by the direction of the current vectors on inner spiral 
5 arm ends 5, 6, 7, 8, i.e., at the input points according to the one-shot display of the current 
distribution shown in Figure 3. According to Figure 3, the current vectors of adjacent spiral 
arms are in phase opposition on their inner spiral arm ends, i.e., they are phase-shifted by 
180°. With the help of this current distribution at the input points and geometric 
considerations, a transmission region of spiral antenna 1 can be determined. Spiral antenna 1 
10 jy emits at the points where currents in adjacent spiral arms are in phase. Because of the 

^ different path lengths of the spiral arms from a first fixed angle <p 0 to a second fixed angle (p l5 
M- the phase difference between the waves running in adjacent spiral arms changes. Both fixed 
(3 angles (p 0 and (pj are defined in a cylindrical coordinate system whose central axis runs 
h i perpendicularly through the center of spiral antenna 1 . The phase difference of 1 80 ° between 

adjacent spiral arms at the input points or at the inner spiral arm ends at the center of the 
jjj^ spiral antenna is reduced to 0° at a first radius r,. 

. C3 

O Adjacent spiral arms can be in phase with a path difference of one wavelength X or a multiple 

v4 

of wavelength X between points that are arranged symmetrically with the center axis of spiral 
20 antenna 1 and are opposite one another on the spiral arms, because currents at such 

symmetrically opposed points are directed in opposite directions in space regardless of their 
distance from the center of spiral antenna 1. This path difference corresponds to the distance 
on the adjacent spiral arms to be covered between the opposite points. On these opposite 
points on the spiral arms, the currents are directed in opposite directions in space, as shown in 
25 Figure 3. In the case of the transmission region of spiral antenna 1 closest to the center of 
spiral antenna 1 under this condition, said path difference corresponds to wavelength 1. 
Transmission thus occurs at the point where the circumference of the spiral arms amounts to 
2k, where X is the wavelength of the wave on the spiral arms. Since first radius r, cannot be 
larger than radius r of spiral antenna 1, a boundary condition is defined by 

30 

2X = 2ixx x = live. 


This yields a first lower cutoff frequency f minl of spiral antenna 1 in the omnidirectional mode 
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as follows: 


fminl = C/(OT), 

5 where c is the rate of propagation of the wave on spiral antenna 1 . Spiral antenna 1 emits in 
the omnidirectional mode only above a first lower cutoff frequency f mml . Because of the fact 
that currents at points in symmetrical opposition are directed in opposite directions in space, 
the radiation contributions of these currents cancel one another out perpendicularly to the 
plane of spiral antenna 1 and are superimposed constructively in directions parallel to the 
10l = plane of spiral antenna 1. The omnidirectional radiation mode is achieved in this way. 

2 

.M> Figure 3 shows half the path difference required for transmission represented by a double 

pi arrow, half the path difference corresponding to half wavelength X/2, with the phase angle 

£ being inverted when this distance is traveled on adjacent spiral arms, as illustrated by the 

1 5 * inversi on of current vectors in Figure 3 . 

Q In the zenith mode according to Figure 4, second spiral arm 12 and fourth spiral arm 14 are 
|j supplied with a 1 80° phase difference, while first spiral arm 1 1 and third spiral arm 13, 

connected by first bridge 40 to first inner conductor 21 of coplanar conductor 2, are at a fixed 

20 zero potential in the middle between the potentials on second spiral arm 12 and fourth spiral 
arm 14. This yields a current distribution which is indicated by the single arrows according to 
Figure 4 only on second spiral arm 12 and fourth spiral arm 14, while no current flows on 
first spiral arm 1 1 and third spiral arm 13, where coupling currents from adjacent current- 
carrying spiral arms are not to be taken into account. Likewise, with the help of the current 

25 distribution at the feed points represented by second inner spiral arm end 6 and fourth inner 
spiral arm end 8 and geometric considerations as in the case of the omnidirectional mode, the 
transmission region can be determined in the case of the zenith mode. Transmission also 
occurs in zenith mode at the location where currents in adjacent spiral arms are in phase even 
if they are separated by another currentless spiral arm. The currents in adjacent spiral arms 

30 12, 14 separated only by first spiral arm 1 1 or third spiral arm 13 are then in phase when the 
path difference on second spiral arm 12 or on fourth spiral arm 14 between points in 
symmetrical opposition amounts to A/2 or an odd multiple thereof. Since the currents at 
opposite feed points, i.e., at second inner spiral arm end 6 and fourth inner spiral arm end 8 
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point in the same direction in space, the currents at all symmetrically opposite points on 
second spiral arm 12 and fourth spiral arm 14 point in the same direction in space under this 
condition for the path difference, so the phase difference on second spiral arm 12 or on fourth 
spiral arm 14 amounts to 180° between these two symmetrically opposite points. Thus, 
5 transmission occurs at a second radius r 2 at which the circumference of second spiral arm 12 
or fourth spiral arm 14 is equal to wavelength X. The boundary condition here is also given by 
the fact that second radius r 2 cannot be greater than radius r of spiral antenna 1 . Thus, a 
second lower cutoff frequency f min2 is derived by 

lft. 1 = 27rr 2 = 27ir 

and defined by 

42 

| f min2 = c/(27rr). 
15= 

;y 5 ! Due to the fact that currents at symmetrically opposite points on second spiral arm 1 2 or 

' m fourth spiral arm 14 are pointing in the same direction in space, the radiation contributions of 

O the currents perpendicular to the plane of spiral antenna 1 are superimposed constructively. 

m 

This yields a transmission characteristic having its maximum perpendicular to the plane of 
20 spiral antenna 1 , which is known as zenith radiation. 

According to Figures 3 and 4, a spiral antenna in the form of an Archimedean spiral has been 
described. The form of spiral antenna 1 is not limited to purely Archimedean spirals, 
however. The spiral structure may also be logarithmic periodic. 

25 

The possibility of generating the two modes with coplanar conductor 2 to supply spiral 
antenna 1 is explained below on the basis of Figures 5 and 6. Figure 5 shows a three-way gate 
55 having a first gate 60, a second gate 65 and a third gate 70. Three-way gate 55 includes a 
third carrier material 75 which may be the same as or different from first carrier material 45 
30 or second carrier material 50. A second inner conductor 30 is arranged on this third carrier 
material 75, and a third inner conductor 31 is also arranged perpendicular to it, second inner 
conductor 30 and third inner conductor 3 1 being galvanically separated and thus not in 
electric contact with one another. Three-way gate 55 also includes a third reference potential 
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surface 35 and a fourth reference potential surface 36. Second inner conductor 30, third inner 
conductor 31, third reference potential surface 35 and fourth reference potential surface 36 are 
electrically conducting, e.g., made of metal. Second inner conductor 30 and third inner 
conductor 31 are electrically insulated from third reference potential surface 35 and fourth 
reference potential surface 36 by third carrier material 75 in the form of a slot surrounding 
respective inner conductor 30, 31. Second inner conductor 30 divides three-way gate 55 into a 
left half and a right half. In the left half, third inner conductor 31 runs perpendicular to second 
inner conductor 30. Third reference potential surface 35 is located exclusively in the left half 
of three-way gate 55. Fourth reference potential surface 36 is located exclusively in the right 
half of three-way gate 55. First gate 60 of three-way gate 55 is connected to the end of 
coplanar conductor 2 facing away from spiral antenna 1, second inner conductor 30 being 
connected to first inner conductor 21. Third reference potential surface 35 is connected to 
second reference potential surface 23 on first gate 60. Fourth reference potential surface 36 is 
connected to first reference potential surface 22 on first gate 60. At the end of second inner 
conductor 30 opposite first gate 60, three-way gate 55 includes second gate 65 which is also 
formed from first inner conductor 30, third reference potential surface 35, and fourth 
reference potential surface 36 and is used to supply signals for the omnidirectional mode. 
Third gate 70 is formed by third inner conductor 3 1 and third reference potential surface 35 
and is used to supply signals for transmission in the zenith mode. Third reference potential 
surface 35 and fourth reference potential surface 36 are electrically connected to one another 
by a second electrically conducting bridge 32, e.g., a metallic bridge. Third inner conductor 
31 is electrically connected to fourth reference potential surface 36 by a third electrically 
conducting bridge 33, e.g., a metallic bridge. Second bridge 32 is located at a distance from 
third bridge 33 in the direction of second gate 65. 

Production of the omnidirectional transmission characteristic is achieved by the fact that the 
electric field distribution on signal supplying coplanar conductor 2 is symmetrical. This 
corresponds to the "odd mode." This symmetrical electric field distribution is represented in a 
snapshot according to Figure 5 by arrows in the slots formed by third carrier material 75 
between third reference potential surface 35 or fourth reference potential surface 36 and 
second inner conductor 30. Second bridge 32, which keeps third reference potential surface 
35 and fourth reference potential surface 36 at the same potential on both sides of second 
inner conductor 30 does not have an interfering effect because in the "odd mode," third 
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reference potential 35 and fourth reference potential surface 36 are at the same potential from 
the beginning. Thus, third bridge 33, which connects fourth reference potential surface 36 to 
third inner conductor 31, also does not cause interference because it also applies the potential 
of fourth reference potential surface 36 to third inner conductor 31. Third inner conductor 31 
5 is thus isolated from second inner conductor 30. 

Zenith mode is created on spiral antenna 1 by an asymmetrical electric field distribution on 
supplying coplanar conductor 2 and second inner conductor 30. Figure 6 diagrams this field 
distribution, which is known as the "even mode," with corresponding arrows in the slots 
1Q formed by third carrier material 75 between third reference potential surface 35 or fourth 
y reference potential surface 36 and second inner conductor 30. In Figure 6, the same reference 
H numbers denote the same elements as in Figure 5, because it is the same three-way gate 55. 

«a 

o:i The asymmetrical electric field distribution can be produced by the arrangement of second 
inner conductor 30, third inner conductor 3 1 , second bridge 32 and third bridge 33 on three- 

15 way gate 55 as described here. The "odd mode" is produced on third gate 70, resulting in a 
yl symmetrical electric field distribution between third inner conductor 3 1 and third reference 
p potential surface 35, as represented by the arrows in the slots formed by third carrier material 
- 75 between third reference potential surface 35 and third inner conductor 31 according to 

Figure 6. Coupling of the "odd mode," which is simple to generate, from third gate 70 to first 

20 gate 60 is described in "Uniplanar MMIC - A Proposed New MMIC Structure" by Thirota, Y. 
Tarusawa, H. Agawa, IEEE Transactions on Microwave Theory and Technics, vol. 35, no. 6, 
pp. 576-581, June 1987. The "odd mode" produced on third gate 70 produces a potential 
difference between third inner conductor 31 and third reference potential surface 35. Fourth 
reference potential surface 36 is at the same potential as third inner conductor 31 due to third 

25 bridge 33. This results in a potential difference between third reference potential surface 35 
and fourth reference potential surface 36. This potential difference produces an even mode 
which propagates in both directions between first gate 60 and second gate 65. To suppress 
propagation of the even mode in the direction of second gate 65 and thus in the direction of 
the feed for the omnidirectional mode, second bridge 32 is provided, keeping third reference 

30 potential surface 35 and fourth reference potential surface 36 at the same potential and thus 

suppressing the propagation of the even mode. The latter is reflected on second bridge 32 and 
propagates in the direction opposite from first gate 60. When second bridge 32 is mounted at 
a distance of a quarter wavelength from third bridge 33 based on the average operating 
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frequency used, the even mode reflected on second bridge 32 and the even mode input by 
third gate 70 directly in the direction of first gate 60 are constructively superimposed, 
propagating as even mode in the direction of first gate 60 and thus toward spiral antenna 1 . 

In this way, third gate 70 is uncoupled from second gate 65. Since the functioning described 
here is valid for sending as well as receiving with spiral antenna 1, two signals that are 
isolated from one another can be received at second gate 65 and at third gate 70, striking 
spiral antenna 1 from different directions in space. 

The omnidirectional mode is created with the combined feed described here regardless of 
frequency, while production of the zenith mode is limited to certain frequency bands, 
depending on the position of second bridge 32. At the same time, the omnidirectional mode 
and the zenith mode can be supplied through three-way gate 55. Simultaneous reception in 
omnidirectional mode and in zenith mode is possible with three-way gate 55 described here. 
Simultaneously sending in one mode and receiving in the other mode are also possible with 
three-way gate 55 described here. 

The lower cutoff frequency for transmission by spiral antenna 1 in the omnidirectional mode 
or in zenith mode is also influenced by the length of the taper on coplanar conductor 2. The 
lower cutoff frequency can be reduced if the taper on coplanar conductor 2 is lengthened. 

The transition from coplanar conductor 2 to spiral antenna 1 is independent of the sudden 
change in the dielectric constants of the carrier materials. A first carrier material 45 having a 
low permittivity can be selected for spiral antenna 1, thus achieving good transmission, while 
at the same time selecting a second carrier material 50 having a high permittivity for coplanar 
conductor 2, which allows the length of coplanar conductor 2 to be reduced and suppresses 
parasitic transmission from coplanar conductor 2 and makes coplanar conductor 2 
independent of the radiation field of spiral antenna 1. 

Spiral antenna 1 is suitable in particular for flat installation in the body of a motor vehicle, in 
particular in the roof or trunk lid of the motor vehicle, because this permits an aerodynamic 
and aesthetic installation. This also yields a simple assembly of the spiral antenna in the body 
of the motor vehicle without requiring holes, thus also preventing corrosion spots in the 
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vehicle body. 


5 
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What is claimed is: 


1. A spiral antenna (1) having four approximately parallel and electrically conducting spiral 
arms (11, 12, 13, 14), 

wherein the spiral arms (1 1, 12, 13, 14) are each connected to a coplanar conductor (2) at 
their respective inner spiral arm ends (5, 6, 7, 8) for supplying and/or receiving signals. 

2. The spiral antenna (1) according to Claim 1, 

wherein the coplanar conductor (2) includes an inner conductor (21; 30) and at least one 
reference potential surface (22, 23; 35, 36), the inner conductor (21; 30) and the at least one 
reference potential surface (22, 23; 35, 36), each being connected to two of the four inner 
spiral arm ends (5, 6, 7, 8). 

3. The spiral antenna (1) according to Claim 1 or 2, 

wherein the coplanar conductor (2) is arranged perpendicular to the plane of the spiral 
antenna (1). 

4. The spiral antenna (1) according to Claim 1, 2 or 3, 

wherein the coplanar conductor (2) and the spiral antenna (1) are mounted on different carrier 
materials (45, 50). 

5. The spiral antenna (1) according to Claim 1, 2 or 3, 

wherein the coplanar conductor (2) and the spiral antenna (1) are applied to the same carrier 
material. 

6. The spiral antenna (1) according to one of the preceding claims, 
wherein the coplanar conductor (2) is formed as a taper at least in part. 

7. The spiral antenna (1) according to one of the preceding claims, 

wherein the spiral antenna (1) is designed in the form of an Archimedean spiral or a 
logarithmic spiral. 


8. The spiral antenna (1) according to one of the preceding claims, 
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wherein the spiral antenna (1) is supplied with a symmetrical electric field distribution on the 
coplanar conductor (2), yielding an omnidirectional transmission characteristic. 


M 
0 

fx 

: 


0 


9. The spiral antenna (1) according to one of the preceding claims, 

wherein the spiral antenna (1) is supplied with an asymmetrical electric field distribution on 
the coplanar conductor (2), yielding a directional transmission characteristic. 

10. The spiral antenna (1) according to one of the preceding claims, 
wherein the spiral antenna (1) is arranged in or on the body of a motor vehicle. 
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Abstract 

A spiral antenna (1) which can be supplied in different modes with different transmission 
characteristics is described. The spiral antenna (1) includes four approximately parallel, 
5 electrically conducting spiral arms (11, 12, 13, 14). The spiral arms (11, 12, 13, 14) are each 
connected to a coplanar conductor (2) at their inner spiral arm ends (5, 6, 7, 8) for supplying 
and/or receiving signals. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 

my name. 

I believe I am an original, first and joint inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entitled SPIRAL ANTENNA, the 
specification of which was filed as International Application No. PCT/DEOO/01991 on 
June 26, 2000. 

I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims. 

I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with Title 37, Code of Federal Regulations, 
§ 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 
1 19 of any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application(s) for patent or inventor's certificate having a filing 
date before that of the application on which priority is claimed: 
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PRIOR FOREIGN APPLICATION(S) 


Number Country Day/Month/Year Priority Claimed 

Filed Under 35 USC 119 


199 29 879.3 Fed. Rep. of 29 June 1999 Yes 

Germany 

And I hereby appoint Richard L. Mayer (Reg. No. 22,490) and Gerard A. 
Messina (Reg. No. 35,952) my attorneys with full power of substitution and revocation, to 
prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith. 

Please address all communications regarding this application to: 

KENYON & KENYON 
One Broadway 
New York, New York 10004 

Customer 

Please direct all telephone calls to Richard L. Mayer at (212) 425-7200. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful and false statements may jeopardize the validity of 
the application or any patent issued thereon. 
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